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Abstract. This paper presents a dynamic simulation of a heat pump using 
butane refrigerant for the purpose of integration with a combined cycle 
power system and thermal energy storage to enhance flexibility. A 
dynamic model of a heat pump system is developed using the Amesim 
software and the simulation result in the case of changing the heat source 
and heat sink conditions is shown to validate the simulation performance. 
1 Introduction 
The fluctuating power output of renewable energy sources makes the electric grid 
potentially unstable, therefore it is necessary to increase the flexibility of the grid and its 
possibility to store energy. The PUMP-HEAT project [1] aims to develop a new advanced 
energy system that integrates a combined cycle system with highly efficient fast-cycling 
heat pumps, where thermal energy storage is used as an electrical-equivalent storage 
enhancing flexibility. Dynamic simulation plays an important role in the investigation of 
the PUMP-HEAT conceptual design and optimization under various dynamic operational 
conditions. In this study, a dynamic model of a heat pump system using butane was 
developed using Amesim [2], and the simulation example in the case of changing water 
flow rate of heat source and heat sink was presented to validate the simulation performance. 
2 Configuration 
Fig. 1 presents a schematic of the target heat pump system. The apparatus includes a 
compressor, condensers (including a desuperheater, condenser, and subcooler), a 
superheater, an expansion valve (or an expander in the case of PUMP-HEAT laboratory 
under construction at University of Genoa) and an evaporator. The heat pump system is 
designed to raise the temperature of hot water for district heating networks from 70 to 120 
degC and the refrigerant in the heat pump system is butane. The heat exchange fluid of the 
heat source and heat sink side is water. Operational inputs of the system are basically water 
conditions of heat sink and heat source side and rotary speed of a compressor. 
                                                 
* Corresponding author: yutaka@criepi.denken.or.jp 
© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).












































(a) Heat pump system                                                            (b) P-h graph 
Fig. 1. Schematic of target heat pump system 
3 Simulation 
The simulation model was constructed using Amesim. Fig.2 shows the simulation result 
examples in the case that the flow rate of water in both heat sink and heat source side are 
decreased as a step change at 500 sec. The simplification of the model and inaccuracy of 
setting configuration parameters caused the steady-state errors, but the dynamic simulation 
could be performed well using Amesim. It should be noted that setting detailed design data 
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Fig. 2. Simulation example (left: compressor power, right: pressure of compressor inlet and outlet) 
4 Conclusion 
This study presented a dynamic simulation of a heat pump system using butane refrigerant. 
In future work, we will conduct a thorough validation study comparing dynamic simulation 
data with operational data from the PUMP-HEAT laboratory at University of Genoa and 
the impact of substituting the lamination valve with a turboexpander for further energy 
recovery will be investigated. 
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